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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[ The technical field to which invention belongs] Especially this invention is [0002J about the nitride 
system compound semiconductor element which aimed at improvement of the cleavage technique with 
respect to the semiconductor light emitting device, cind its manufacture method, 
[Description of the Prior Art] In recent years, the compound semiconductor light emitting device 
containing a nitride attracts attention as the light source of short wavelength. Luminescence in the short 
wavelength field containing blue is possible for the nitride system compound containing GaN, and it is 
promising as a short wavelength luminescent material. 

[0003] It is hard to process this kind of material, especially the compound semiconductor layer which 
uses GaN as a main component conversely [ it is very stable and ] therefore. Moreover, the compound 
semiconductor of this system cannot usually use properties, such as a cleavage, like GaAs and a GaP 
substrate, using sapphire in many cases as a substrate. For this reason, chip-izing etc. is very difficult 
and it is difficult to create resonators, such as a laser diode which used the cleavage like before. 
[0004] 

[Problem(s) to be Solved by the Invention] Thus, conventionally, in the nitride system compound 
semiconductor light emitting device containing GaN, the isolation by the cleavage is difficult, and the 
end face of the compound semiconductor obtained by impossible-doing a substrate and breaking it had 
the problem that it did not function enough as a reflecting mirror. 

[0005] Accomplishing this invention in consideration of the above-mentioned situation, the place made 
into the purpose is to offer the nitride system compound semiconductor light emitting device which 
made isolation by the cleavage a controllability is good and possible, and its manufacture method. 
[0006] 

[Means for Solving the Problem] 

(Composition) The main point of this invention is by introducing the original layer structure containing 
aluminum by making isolation into a key objective at the semiconductor laminated circuit board for 
constituting nitride system compound semiconductor element to make isolation by the cleavage 
possible. 

[0007] That is, this invention is characterized by forming the cleavage auxiliary field which contains in 
the cleavage portion of the flank of the aforementioned laminated circuit board aluminum which does 
not consider optical confinement and eye current ****** as a main function in the compound 
semiconductor light emitting device which has the semiconductor laminated circuit board which carried 
out the laminating of the nitride system compound semiconductor. 

[0008] Moreover, this invention is set to the manufacture method of the compound semiconductor light 
emitting device which has the semiconductor laminated circuit board which carried out the laminating of 
the nitride system compound semiconductor. The process which becomes the best side or the interior of 
the aforementioned laminated circuit board from the layer containing aluminum which does not consider 
optical confinement and eye current ****** as a main function, and forms the cleavage auxiliary field 
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which has a break in the direction which should be carried out a cleavage. By breaking the 
aforementioned cleavage auxiliary field along with the aforementioned break, it is characterized by 
including the process which carries out the cleavage of the aforementioned laminated circuit board. 
[0009] Here, the following are raised as a desirable embodiment of this invention. 

(1) The layer containing aluminum which constitutes a cleavage auxiliary field should be Inx Aly Gaz 
Np Asq Pr (x+y+z-=l, 0<y, p+q+r=l). 

(2) The layer containing aluminum which constitutes a cleavage auxiliary field should be formed in the 
topmost part of a laminated circuit board. 

(3) The layer containing aluminum which constitutes a cleavage auxiliary field is in the middle of 
formation of a laminated circuit board, and be formed in the interior of this substrate. 

(4) Form the layer containing aluminum which constitutes a cleavage auxiliary field in 60 to 99% of 
thickness of the critical thickness by which a crack goes into the layer. 

(5) Prepare the portion from which it sees [ portion ] in the layer containing aluminum which constitutes 
a cleavage auxiliary field from an electrode side, and width of face changes to it to the boundary line of 
isolation. 

(6) A laminated circuit board is that the laminated structure of a compound semiconductor is formed on 
silicon on sapphire. 

(7) The break formed in a cleavage auxiliary field should be 60 or less degrees. 

[0010] (Operation) GaN grown epitaxially on silicon on sapphire is usually in a crack free-lancer's (state 
where a crack does not exist) state, in the practical thickness field (for example, thickly an estimate, with 
15 microns) in an organic-metal vapor-growth (MOCVD) method. On the other hand, the thickness the 
layer containing aluminum, for example, AlGaN, can grow up to be by the crack free-lancer as 
composition of aluminum becomes large decreases, 

[001 1] Although it can be checking that the thickness which can grow by the crack free-lancer changes 
also with growth conditions, there is no change in the critical thickness existing in the practical thickness 
field of the MOCVD method. And if a film is grown up more than this thickness, a crack will arise and a 
gash will go into a film. If a gash goes into a film, a substrate may be reached and an obstacle will be 
greatly brought to the function of an element. It is thought that this gash is produced when aluminum 
composition enters and it compares with GaN, and physical parameters, such as a lattice constant, differ 
greatly. 

[0012] This invention persons considered performing a cleavage by using positively the gash which is 
generated in the layer containing aluminum and which originally is not desirable. However, the direction 
of the gash by the crack is irregular, and a direction to carry out a cleavage cannot be chosen. Then, the 
break was intentionally prepared along the direction to carry out a cleavage at the time of membrane 
formation of the layer containing not a gash but aluminum by the crack. And it found out that a cleavage 
could be carried out in the direction which aimed at the semiconductor laminated structure by 
controlling the value and thickness of a semiconductor laminated structure and aluminum composition 
the optimal. 

[0013] Here, the layer containing aluminum for the cleavage introduced into a semiconductor laminated 
circuit board, i.e., a cleavage auxiliary field, was a layer of the non-clad function which does not 
consider optical confinement and eye current ****** as a main function, and even if were formed in the 
topmost part of a laminated circuit board and having been formed in the interior, the same cleavage 
effect was acquired. Although the thickness of a cleavage auxiliary field needs to be less than critical 
thickness by which a crack goes into a laminated circuit board, the cleavage effect mentioned above 
when not much thin is not acquired. According to the experiment of this invention persons, by setting 
the thickness of a cleavage auxiliary field as 60 to 99% of thickness of critical thickness showed that a 
controllability could improve a cleavage. 

[0014] Thus, in this invention, a controllability can improve a laminated circuit board a cleavage by 
becoming the topmost part or the interior of a semiconductor laminated circuit board from the layer 
containing aluminum which does not consider optical confinement and eye current ****** as a main 
function, and forming the cleavage auxiliary field which has a break in the direction which should be 



h g eg b eb eg e e 



Page 3 of 6 



carried out a cleavage. The reflection factor of the end face obtained by this cleavage was high enough, 
and became what fully functions as a reflecting mirror of a resonator. Therefore, according to this 
invention, it becomes possible from the former to perform good isolation of an end-face state with a 
sufficient controllability. This effect is [ as opposed to / the semiconductor laminated circuit board using 
sapphire without the property of a cleavage like a semiconductor etc. as a ground substrate / especially ] 
effective. 
[0015] 

[Embodiments of the Invention] Hereafter, the operation gestalt of illustration of the detail of this 
invention explains, 

(1st operation gestalt) Drawing 1 is drawing for explaining the gallium-nitride system compound 
semiconductor laser concerning the 1st operation gestalt of this invention. 

[0016] Grov^h of each class was performed by the MOCVD method. First, as shown in drawing 1 (a), c- 
th page silicon on sapphire 101 is prepared, and a surface impurity is removed using heat phosphoric 
acid. Then, it moves in a reactor and a temperature up is carried out to 1200 degrees. Then, substrate 
temperature is lowered to 550 degrees and the GaN buffer layer 1 02 is grown up. After making it grow 
up for 3 minutes, substrate temperature is raised again, and it is SiH4 at 1 100 degrees. 2 micrometers of 
n type GaN contact layers 103 arc grown up passing gas. 

[0017] Subsequently, 0.5 micrometers of n type aluminumO.2 GaO.8 N clad layers 104 are grown up. 
Here, substrate temperature is lowered to 800 degrees and the SQW layer (single quantum well layer) 
105 of GaN/InOJ GaO.9 N/GaN is grown up. At this time, it is SiH4. Supply has stopped. Then, 
substrate temperature is again made into 1 100 degrees, and 0.2 micrometers of p type aluminumO.2 
GaO.8 N clad layers 106 are grown up. 

[001 8] Subsequently, similarly 0.3 micrometers of p type AlGaN layers 107 are grown up, pouring Cp2 
Mg, and the p type GaN layer 108 is grown up continuously. Furthermore, the flow rate of Cp2 Mg is 
raised about 3 times, and it is p+. 0.1 micrometers grows the type GaN contact layer 109. 
[0019] Here, a substrate is taken out and patterning is performed, a shaft orientations and the mask 
pattern of a crystal film serve as a relation shown in drawing 1 (b) in the case of this patterning. 
Although it is an a-axis with the sapphire of the c-th page, it doubles with an a-axis, m shaft, etc. with a- 
th page sapphire. Here, a mask extracts and the hatching portion in drawing is a pattern. Furthermore, a 
break is attached in consideration of the direction of a cleavage. The angle of this break is important, and 
if it is 60 or less degrees, the direction of a cleavage will be stabilized by it. 

[0020] RIBE (reactant ion beam etching) performs selective etching after a patterning end, and a part of 
AlGaN layer 107 is exposed. And regrowth is performed at 1 150 substrate temperature on the exposed 
AlGaN layer 107, and as shown in drawing 1 (c), aluminum0.25Ga0.75N layer (cleavage auxiliary field) 
120 arc grown up. At this time, regrowth is prevented by attaching a suitable mask (Si02, SiN, etc. 
being used) except the regrowth field. You may use this mask for the mask of the aforementioned 
etching. 

[0021] The feature of this operation form is in this regrowth. Under the present circumstances, the 
cleavage auxiliary field 120 is a layer aiming at making a cleavage easy, and it is the feature of this 
operation form to make the distortion relief force of this cleavage auxiliary field layer 1 20 act on a 
cleavage. The cleavage auxiliary field layer 120 does not necessarily need to cover the whole substrate, 
and has covered only the portion needed for a cleavage at worst. Introduction of this partial AlGaN 
cleavage auxiliary field layer 120 is the big feature of this operation form. 

[0022] Mask material is removed after the growth end of the AlGaN cleavage auxiliary field layer 120, 
and patterning for n lateral-electrode formation is performed. And RIBE performs selective etching and 
the n type GaN layer 103 is exposed in part. Then, the basic structure of an element is completed by 
forming p lateral electrode on the contact layer 109, and forming n lateral electrode on the contact layer 
103. In addition, patterning of the electrode is carried out so that it may dissociate for every element. 
[0023] Subsequently, a cleavage is performed along with patterning of an electrode. At this time, the 
cleavage of atomic-layer order becomes possible for the first time by work of the AlGaN cleavage 
auxiliary field layer 120 mentioned above. The end face by this cleavage had the high reflection factor. 
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and was what fully functions as a reflecting mirror of a resonator. One of the obtained elements is shown 
in drawing 1 (d). It is in the state where the cleavage auxiliary field layer 120 which contains in the 
cleavage portion of the flank of a semiconductor laminated circuit board aluminum which does not 
consider optical confinement and eye current ****** as a main function remained. 
[0024] Thus, according to this operation form, along with the break of this layer 120, a controllability 
can improve a laminated circuit board a cleavage by forming in the topmost part of the laminated circuit 
board of a GaN system compound semiconductor the AlGaN cleavage auxiliary field layer 120 which 
has a break in part. For this reason, good isolation which used the cleavage also in the semiconductor 
light emitting device using sapphire as a ground substrate could be performed, and 98% or more of high 
manufacture yield was able to be realized. Moreover, it was checked that an oscillation threshold carries 
out room temperature continuous oscillation of the laser diode obtained here by 40mA, and the life was 
10000 hours or more. 

[0025] (2nd operation form) Drawing 2 is drawing for explaining the gallium-nitride system compound 
semiconductor laser concerning the 2nd operation form of this invention. 

[0026] Also with this operation form, growth was perfomied by the MOCVD method. First, as shown in 
drawing 2 (a), c-th page silicon on sapphire 201 is prepared, and a surface impurity is removed using 
heat phosphoric acid. Then, it moves in a reactor and a temperature up is carried out to 1200 degrees. 
Then, substrate temperature is lowered to 550 degrees and the GaN layer 202 is grown up. After making 
it grow up for 3 minutes, substrate temperature is raised again, and it is SiH4 at 1 100 degrees. 2 
micrometers of n type GaN contact layers 203 are grown up passing gas. 

[0027] Subsequently, n mold aluminumO.2 GaO.8 N layer 204 [ 0.5-micromctcr J is grown up. Here, 
substrate temperature is lowered to 800 degrees and the SQW layer 205 of GaN/InO.l GaO.9 N/GaN is 
grown up. At this time, it is SiH4. Supply is stopped. Substrate temperature is again made into 1 100 
degrees, and p mold aluminumO.2 GaO.8 N layer 206 [ 0.2-micrometer ] is grown up. 
[0028] Subsequently, similarly 0.3 micrometers of p type AlGaN layers 207 are grown up, pouring Cp2 
Mg, and the p type GaN layer 208 is grown up continuously. Here, a substrate is taken out and 
patterning is performed, a shaft orientations and the mask pattern of a crystal film serve as a relation 
shown in dr awing 2 (b) in the case of this patterning. In addition, a mask extracts and the hatching 
portion in drawing is a pattern. Furthermore, a break is attached in consideration of the direction of a 
cleavage. This angle is important, and if it is 60 or less degrees, the direction of a cleavage will be 
stabilized by it. In addition, although the cleavage auxiliary field layer mentioned later is mostly formed 
in the whole surface with the mask of drawing 2 (b), it is also possible by preparing a mask pattern as 
shown in drawing 2 (c) to form a cleavage auxiliary field layer only in a required portion. 
[0029] Regrowth is performed after a patterning end. At this time, regrowth is prevented by attaching a 
suitable mask (Si02, SiN, etc. being used) except the regrowth field. First, substrate temperature is made 
into 850 degrees and the InGaN layer 209 is grown up. Furthermore, substrate temperature is made into 
1 150 degrees and it is p+. Mold aluminum0.25Ga0.75N layer (cleavage auxiliary field layer) 210 are 
grown up. At this time, Cp2 Mg is also poured simultaneously. Furthermore, the p type GaN layer 21 1 is 
grown up, the flow rate of Cp2 Mg is raised, and it is p+. 0.1 micrometers grows the type GaN layer 
212. InGaN at this time and the regrowth of an AlGaN layer are the features of this operation form. By 
adjusting the thickness of this InGaN and AlGaN, the basis board thickness whose cleavage becomes 
possible can be changed, and this point is also the feature of this operation form. 
[0030] Mask material is removed after a growth end and patterning for n lateral-electrode formation is 
performed- And RIBE performs selective etching and the n type GaN contact layer 203 is exposed in 
part. Then, the basic composition of an element is completed by constituting the electrode by the side of 
p and n. In addition, patterning of the electrode is carried out so that it may dissociate for every element. 
[003 1] Subsequently, a cleavage is performed along with patterning of an electrode. At this time, the 
cleavage of atomic-layer order becomes possible for the first time by work of the regrowth layer 210 
mentioned above. The structure of the obtained element is shown in drawing 2 (e) except for the 
electrode section. It is in the state of the topmost part of a GaN system semiconductor laminated circuit 
board where the cleavage auxiliary field layer remained in the whole surface mostly. 
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[0032] Thus, also according to this operation form, by forming the AlGaN cleavage auxiliary field layer 
210, the semiconductor laminated circuit board could be separated by the cleavage, and the same effect 
as the 1st previous operation form was acquired. 

[0033] (Form of the 3rd operation) Drawing 3 is the cross section showing the manufacture method of 
the GaN system compound semiconductor laser concerning the 3rd operation form of this invention. 
[0034] Growth was performed by the MBE (molecular-beam epitaxial) method. First, as shown in 
dra wing 3 (a), c-th page silicon on sapphire 301 is prepared, and a surface impurity is removed using 
heat phosphoric acid. Then, it moves in a growth chamber and a temperature up is carried out to 800 
degrees. At this time, it checks that a substrate front face is pure by RHEED (high-energy electron ray 
reflected image). 

[0035] Subsequently, substrate temperature is lowered to 550 degrees and the GaN buffer layer 302 is 
grown up. After making it grow up for 3 minutes, raise substrate temperature again, the shutter of Si cell 
is made to open at 750 degrees, and the shutter of Ga cell and an efficient consumer response plasma 
cell is opened simultaneously. Thereby, 2 micrometers of n type GaN contact layers 303 are grown up. 
Furthermore, 0.5 micrometers of n type aluminumO.2 GaO.8 N clad layers 304 arc grown up. Here, 
substrate temperature is lowered to 700 degrees and the SQW layer 305 of GaN/InO.l GaO.9 N/GaN is 
grown up. Supply of Si is stopped at this time. Substrate temperature is again made into 800 degrees, 
and 0.2 micrometers of p type aluminumO.2 GaO.8 N clad layers 306 are grown up. 
[0036] Subsequently, similarly 0.3 micrometers of p type AlGaN layers 307 are grown up, opening the 
shutter of Mg cell, and the p type GaN layer 308 is grown up continuously. Furthermore, the flow rate of 
Mg is raised and it is p+. 0.1 micrometers grows the type GaN contact layer 309. 

[0037] Here, a substrate is taken out and patterning is performed. That is, it is Si02 to the portion which 
serves as a break of a cleavage auxiliary field in consideration of the direction of a cleavage (a dashed 
line shows) as shown in drawing 3 (b). The masks 320, such as SiN, arc formed. 

[0038] Subsequently, regrowth is performed. At this time, the mask 320 has protected rcgrowth except 
the regrowth field. Substrate temperature is made into 800 degrees and aluminum0.25Ga0.75N layer 310 
is grown up. It is one feature of this operation form that the layer 310 containing aluminum, such as 
AlGaN, exists in the element topmost part here. A subsequent cleavage can be made easy by optimizing 
[ as opposed to / basis board thickness / for the AlGaN layer 3 1 0 J the thickness to the existing element 
structure as opposed to the best layer. 

[0039] In addition, it is not necessary to necessarily form a cleavage auxiliary field layer the whole 
surface on a semiconductor laminated circuit board, and as shown in drawin g 4 , you may form it only in 
a required portion alternatively. Mask material is removed after the growth end of the AlGaN layer 310, 
and patterning for n lateral-electrode formation is performed. It **, RIBE performs selective etching and 
the n type GaN contact layer 303 is exposed in part. Then, the basic composition of an element is 
completed by constituting the electrode by the side of p and n. In addition, patterning of the electrode is 
carried out so that it may dissociate for every element. 

[0040] Subsequently, a cleavage is performed along with patterning of an electrode. At this time, the 
cleavage of atomic-layer order becomes possible for the first time by work of the regrowth layer 310 
mentioned above. The structure of the obtained element is shown in drawing .5 except for the electrode 
section. 

[0041] The laser diode of this operation form has the structure of having an AlGaN layer in a part of best 
side of an element, and a cleavage is easily possible for it by sticking a substrate on a seal after the 
dicing from the substrate reverse side. The manufacture yield was 98% or more, an oscillation threshold 
is 40mA and carrying out room temperature continuous oscillation was checked. 
[0042] In addition, this invention is not limited to each operation form mentioned above. Although the 
operation form explained taking the case of GaN system compound semiconductor laser, it is applicable 
not only to this but other compound semiconductor laser. Furthermore, it is possible not only 
semiconductor laser but to apply to light emitting diode. Moreover, a ground substrate is not restricted to 
sapphire and just grows a compound semiconductor layer. In addition, in the range which does not 
deviate from the summary of this invention, it can deform variously and can carry out. 
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[0043] 

[Effect of the Invention] As explained above, according to this invention, a controllability can improve a 
laminated circuit board a cleavage by becoming the topmost part or the interior of a semiconductor 
laminated circuit board from the layer containing aluminum which does not consider optical 
confinement and eye current ****** as a main function, and forming the cleavage auxiliary field which 
has a break in the direction which should be carried out a cleavage. Therefore, according to this 
invention, it becomes possible from the former to perform good isolation of an end-face state with a 
sufficient controllability, and a big effect is demonstrated to manufacture of the semiconductor laser 
using sapphire without the property of a cleavage etc. as a ground substrate. 



[Translation done.] 
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